According to the requirement of the conformal invariance of the closed string coupled with the electromagnetic and gravitational field, we determine the interaction Hamiltonians and prove the no-ghost theorem by making use of the gauge conditions for the interacting system. The electromagnetic interaction cannot be minimal one because of the conformal invariance. We also show that in Compton scattering of an excited symmetric meson, a tachyon do not appear. § I.
Recently much progress is seen in the theory of the relativistic string 1 l which provides a dynamical model for hadrons. One of the remarkable results lately attained is the proof of the no-ghost theorem. 2 l It has been pointed outBl' 4 l that the no-ghost theorem is essentially based on the conformal symmetry of the interacting string as well as of the free string. Therefore it seems reasonable to accept the conformal symmetry as a guiding principle for introducing an mteraction into a string system.
In a previous paper 4 l we have obtained closed string with an external scalar field. condition, the symmetry group of the closed the interaction Lagrangian of the Because of the periodic boundary string is twice as large as in the case of the open end string, and we have two kinds of generators of the conformal transformation under which the total action integral is invariant. These generators Ln ± (n = 0, ± 1, ± 2, · · ·) satisfy the same algebraic relations as is the case with the free closed string:
[Ln±, Lm±] = (n-m)Li'+m+in{n 2 
-1)on+m,o, [Ln+,im-]=0.
We have also been able to prove that these relations lead one to the so-called generalized gauge conditions n=O, 1, 2, ··· satisfied by the physical states J ()?) and that the above equations assure the absence of ghost states in the interacting closed string model (Virasoro-Shapiro model).
In the present paper we shall consider the case of the closed string interacting with an external electromagnetic field and also treat an external gravitational one. When looking for the form of the interaction Lagrangian of the closed string, we shall make the assumption of the conformal invariance of the interacting system to get ghost-free dual resonance models.
The paper is organized as follows. In § 2 a coupling of the closed string with an electromagnetic field is introduced. We point out that the minimal interaction breaks the conformal invariance of the system. In § 3 we show the proof of the no-ghost theorem. In § 4 we give some remarks about the interaction Hamiltonian of the photon-string system and show that the tachyon state do not contribute to Compton scattering of the excited meson on the leading Regge trajectory. Section 5 gives the gravitational interaction. Throughout the paper we use the same notations as used in Ref. 4 
). § 2. Electromagnetic interaction
In this section we shall consider the system of a closed string interacting with an external electromagnetic field. In introducing a coupling with a photon into the closed string system we need some guiding principles. We have two such principles: the photon-gauge in variance and the cpnformal invariance of the photon-string system.
One of the simple methods to guarantee the photon-gauge invariance is to introduce the interaction through the minimal substitution for the canonical momentum in the free Hamiltonian in the same way as in the conventional string modePl The other simple· way is to make the closed string interact with the electromagnetic field, i.e., F"" (x) . What is more, we must require the conformal invariance of the system in order to get the ghost-free dual model.
Let us first consider the minimal interaction. We introduce the interaction by the following minimal substitution for the canonical momentum P" (IT)
into free generators Ln ± of the conformal group. Then we obtain the new operators Ln ±:
where g (IT) stands for the c-number charge distribution on the closed string and A" (x) is external field subject to with the choice of an appropriate charge distribution. (Equation (2 · 4) can be regarded as the equations which determine the charge distribution g (6) .) However, unfortunately, the new operators Ln± do not satisfy the above commutation relations with any choice of g (6) . This can be verified by the use of the following relations:
Then we can conclude that the string system coupled with a photon through the minimal interaction is not invariant under the conformal transformation against our requirement for constructing the ghost-free model. Next, we consider the second possibility, in which the closed string interacts with F~.~v (x). Among the various possible interaction Lagrangians, we propose the following form:
Now we demand that the total action integral
be invariant under the conformal transformation as
The four-position x~.~ (r, 6) is assumed to be conformal scalar such as
It can be shown that the system defined by Eq. (2 · 8) can possess the conformal symmetry if and only if g (<5) is uniform and we have only on-shell photons. We can prove this statement by defining the following function:
with the canonical momentum defined by and the Ramond momentum 
with the modified gauge operators L,. ±:
It is shown that the L,. ±'s are just the generators of the conformal group by proving the following theorems:
(1) They satisfy the same commutation ralations as the conformal generators in the free string case : 
=0. In this section we are to prove the absence of ghost states in the photonstring system given by Eq. (2 · 27).
The no-ghost theorem says that any state vector on the mass-shell satisfying the free conformal gauge condition Ln ±I cp) = 0 (n = 1, 2, · · ·) is free from negative norm. In order to perform the plan for proving the no-ghost theorem, let us start with the Lippmann-Schwinger equation 
(vL,.± _ _!_ V,.±(Ho-a(O)) )lfPN+l> H 0 +n-a(O) 2
Using the relations
we can prove the conformal gauge conditions on the perturbative solutions as
The no-,ghost theorem can be expressed as the free conformal gauge conditions 
=0. § 4. Remarks (3 ·17) The interaction Hamiltonian of the ghost-free photon-string system can be found to take the form
Hz=2g s:rrdO' P,/(O')P.-(O')F"",(x(O'))
Although the second term is necessary for the satisfaction of the requirement of the conformal invariance of the system and for the proof of the no-ghost theorem, this gives no contribution to the scattering amplitude which corresponds to the seagull diagram. The reason is that for any state the following matrix element This can be derived using a similar method as the conventional model. 6 > Therefore we can identify the photon .with the Reggeon I r) and in this case the ground state I 0) turns out to be a tachyon since I r) is a massless state. However, if we pay attention to Compton scattering of an excited symmetric meson, we have no tachyon pole in the scattering amplitude due to the symmetry property with respect to + and -. § 5. The gravitational interaction
In the previous section, we have obtained the closed string coupled with the photon which is identified to the massless antisymmetric vector Reggeon. Therefore, in this section we are going to study the closed string interacting with the massless tensor meson. In order to get the model we introduce the meson satisfying the following equations:
It should be noted that in general, the gauge operators Ln ± (n = 0, ± 1, ± 2, · · ·)
play an essential role in constructing the ghost-free model. So, we attempt to start with the gauge operators but without the Lagrangian formalism.
Let us write the Ln ±•s as the following forms with the unknown coefficients Cn:
where P" (rJ) 1s defined by the canonical commutation relations
and g is the coupling constant.
If we demand that the Ln ±•s should satisfy the algebraic relations of the conformal group
then the en can be determined as
Of course, this is not the unique one and indeed we can find other gauge operrators to take the form as 
However the term of the lowest order coupling constant g of both the types (Eqs. (5 · 2) and (5 · 6)) takes the same as (5·7) Therefore if we define L0 + + L0-as the total Hamiltonian of the system, two kinds of Hamiltonian produce the same scattering process since the higher order terms of the coupling constant give no contributions to the scattering amplitude.
The no-ghost theorem of this system can be proved as the same procedures as in the electromagnetic case by defining the state vector I q;)
and by assuming the Lippmann-Sc hwinger equation with the free state vector I rp0) (L,,±-a (0) 8,.,o) I rpo) = 0 .
(5·9)
Although we start with the gauge operators to get the ghost-free interacting closed string system, the scheme given by Eq. (5 · 2) can be followed from the Lagrangian framework. This total Lagrangian can be obtained from the substitution 1J,v-+g "" (x (!J)) in the free Lagrangian of the string, 7 ' that is, From thi~ evidence, the interacting system is interpreted as the closed string coupled with the external linearlized gravitational field. Also by the same argument as in the photon case, we can show that the graviton interacting with the closed string is nothing but the massless tensor Reggeon I g): ( 
·13)
Finally we remark that there are no tachyon pole and no ghost states in the graviton-phot on scattering amplitude due to the symmetry property with respect to the positive and negative wave propagations on the closed string and the conformal invariance of the string system.
